Introduction
============

Skin is the largest body organ composed of the epidermis, dermis and hypodermis layer. Skin is heterogeneous, anisotropic and a non-linear viscoelastic material ([@b1-etm-0-0-8254]). Thus, the skin exhibits both viscous and elastic characteristics when undergoing deformation ([@b2-etm-0-0-8254]). The viscoelastic properties of the skin predominantly originate from its dermis compartment that is composed mostly of extracellular matrix sparsely populated by fibroblasts. Supporting cells in skin structures depends on a variety of factors, such as hyaluronan (HA), an unsulfated glycosaminoglycan that is an important component of the extracellular matrix network ([@b3-etm-0-0-8254],[@b4-etm-0-0-8254]) The dermis extracellular matrix consists mainly of collagen fibers (type I and type III), elastin and proteoglycans ([@b1-etm-0-0-8254]).

The mechanical properties of the skin largely depend on the nature and organization of dermal collagen and the elastic fibers network. Indeed, the collagens are responsible for the mechanical strength of the skin, whereas the elastic fibers bestow elasticity to the skin ([@b5-etm-0-0-8254]). The mechanical properties of the collagen matrix depend on the fine characteristics of the respective collagen types and their self-assembly as regards fiber length, fiber volume fraction and collagen molecular stretching, as well as the tilt angle of collagens determining its orientation ([@b5-etm-0-0-8254]). The diameters of papillary collagen fibers are in the range of 0.3 to 3 µm ([@b6-etm-0-0-8254]), whereas those of reticular collagen are in the range of 10--50 µm ([@b7-etm-0-0-8254]). Importantly, the mechanical properties of the skin alter with aging, crucially contributing to the appearance of wrinkles and sagging skin. These changes are closely associated with the collagen matrix, as collagen fibers change with age, becoming denser and begin to 'unravel' ([@b8-etm-0-0-8254]).

There are several methods derived from classical acupuncture that are intended for the treatment of various skin or musculoskeletal conditions. The embedding method uses threads in subcutaneous tissue or muscles at specific points in order to treat musculoskeletal pain ([@b9-etm-0-0-8254]). Another variant uses micro-needles to create microwounds that stimulate fibroblast proliferation and dermal neovascularization, which is applied in the treatment of facial wrinkles ([@b10-etm-0-0-8254]). Needle-shaping uses very fine needles through which high tension and limited galvanic current are applied. This microsurgical technique, invented by Fippi in 2012 ([@b11-etm-0-0-8254]), has been established to be safe and able to physically reshape different body parts. Vibrance, the only medical device on the market able to perform needle shaping, has been found to improve the collagen matrix organization of aged skin. Specifically, the Vibrance machine uses 3 mixed currents which act synergistically, and thus result in a slight dehydration of the dermal elastic and collagen fibers, which in continuation, hook onto the needle and principally bind to each other. The respective currents are finely modulated at such an intensity so as to not be perceived by the patient, with the possible exception of particularly sensitive regions. To the best of our knowledge, no study to date has examined the effects of needle shaping on skin morphology and collagen structure. Thus, this was the aim of the present study.

Patients and methods
====================

### Patients

The group of patients recruited in this study consisted of 54 females in the age range (40--65 years) with varying extents of skin laxity. The study, including patient material, was performed in accordance with the Declaration of Helsinki (1964) in its latest amendment. Patient survey and clinical procedures were performed in accordance with the ethical approval 17/12.12.2016 provided by SkinClinic, Heraklion, Greece. All patients signed statements of informed consent for participating in the study.

### Procedures

The patients underwent the needle shaping procedure in the period from January, 2017 up to January, 2018. Acupuncture needles sized 0.18×40 and 0.20×60 (a LKB 2088 Ultrotome V) were used for the application of the needle shaping technique. The Vibrance machine uses 3 mixed currents imperceptible to patients. The electrical currents are programmable with basic parameters and their effect is enhanced by their synergic action. Four sessions of 4 treatments lasting 30 min were performed at day 0, 15, 30 and day 45. During the treatment, the women did not take hydrolyzed collagen orally and the skin care was basic, with moisturizing creams, and they did not receive creams or booster serum.

### Macroscopic analysis and scoring

The macroscopic results of the procedure were evaluated by an independent dermatologist. Particularly, all patients were evaluated prior to the first session of treatment and 15 days after the final one (day 60). In addition, patients were asked to assess the outcome of the procedure in terms of personal satisfaction, by using the visual analog scale (VAS) at the same time. The assessment of satisfaction in this study was performed using the VAS score ([@b12-etm-0-0-8254]). A VAS for satisfaction is a horizontal line of 100 mm in length. At the beginning and at the end, there are 2 descriptors representing extremes of satisfaction (no satisfaction and extreme satisfaction). Patients rated their satisfaction by making a vertical mark on the 100-mm line. The measurement in mm was converted to the same number of points ranging from 0 to 100 points. The exact question was 'Are you satisfied with your procedure?' A standard explanation of how to complete the VAS form was mentioned beneath the VAS horizontal line. Satisfaction on VAS was categorized as poor (range, 0--25), good (range, 26--50), very good (range, 50--75) and excellent (range, 76--100).

### Histological analysis

A histological evaluation was performed on 5 female patients. Initially, a skin biopsy was obtained surgically from the skin behind the left ear (untreated area). At 15 days after the final session (day 60), a biopsy was taken in the treated skin area behind the right ear and examined by optical (pathologist) and scanning electron microscopy (SEM). For light microscopy (LM), small tissue blocks were fixed, both in 2% glutaraldehyde (Germiphene) and 2% paraformaldehyde (Germiphene) in 0.1M cacodylate buffer, pH 7.4 (Karnovsky\'s fixative, Electronic Microscopy Sciences), stained with 2% osmium tetroxide at room temperature for 2 h (Electronic Microscopy Sciences), dehydrated in a graded series of ethanol (Germiphene) and embedded in epoxy resin (Electronic Microscopy Sciences). Sections were cut on a LKB 2088 Ultrotome V microtome at a thickness of 1 µm, transferred to a water droplet on a gelatin-coated slide, and placed on a slide warmer plate at 50°C. After drying, the sections were stained with a trichrome stain (Electronic Microscopy Sciences) according to a staining protocol for collagen fibres and viewed using a Nikon E800 light microscope. The samples were evaluated by a qualified pathologist who was unaware as to the identity of the samples.

For SEM, the Karnovsky-fixed tissue blocks were post-fixed with cacodylate buffered 2% osmium tetroxide (pH 7.4), for 2 h, dehydrated in a graded series of ethanol, and dried using the critical point drying method with a BAL-TEC, CPD-O30 critical point dryer. The specimens were coated with gold, and viewed using a scanning electron microscope (JEOL JSM 7000F; JEOL Ltd.).

Results
=======

### Patient data

Data from 52 patients were available for analysis, since 2 patients missed follow-up. The results of this study demonstrated good to excellent construct validity. None of the patients had adverse effects with the minor exception of short-term redness and mild ecchymosis. Indeed, there was no downtime or side-effects associated with this treatment apart from some redness that lasted for half an hour. Ecchymosis in some cases may have lasted for a few days.

### Clinical assessment

Assessment by an independent dermatologist confirmed that skin laxity and tone had markedly improved in all patients resulting in a younger, fresher, healthier and brighter appearance of the patients\' skin. Moreover, a reduction of wrinkles and fine lines was observed, as well as an increase in skin collagen and elasticity, with the skin looking more plumed and naturally 'lifted' without the aid of foreign substances that can sometimes alter facial features. As regards both criteria, in all cases, a significant improvement of skin tone was evident ([Fig. 1](#f1-etm-0-0-8254){ref-type="fig"}).

### Laboratory assessment

Moreover, in the case where a biopsy pre- and post-treatment was obtained, both the macroscopic, as well as histological characteristics of the skin were found to be significantly improved ([Fig. 2](#f2-etm-0-0-8254){ref-type="fig"}).

Trichrome staining demonstrated a more compact dermis, with a healthy matrix network ([Fig. 2B and D](#f2-etm-0-0-8254){ref-type="fig"}). Specifically, the collagen fibers were larger and thicker with a more ordered alignment of fibers of the treated skin as compared to the pre-treatment condition ([Fig. 2A and C](#f2-etm-0-0-8254){ref-type="fig"}).

This finding was also confirmed by electron microscopy. The examination of the treated dermis by SEM demonstrated an increased dermis thickness ([Fig. 3B](#f3-etm-0-0-8254){ref-type="fig"}) compared with the pre-treatment condition ([Fig. 3A](#f3-etm-0-0-8254){ref-type="fig"}).

The examination of the dermis specimens by SEM at a higher resolution demonstrated that collagen the fibers before treatment were disorganized and of poorer quality ([Fig. 4A and C](#f4-etm-0-0-8254){ref-type="fig"}). The needle shaping treatment enhanced collagen production, resulting in the formation of better organized, good quality fibers of a more ordered alignment ([Fig. 4B and D](#f4-etm-0-0-8254){ref-type="fig"}).

### Patient satisfaction

A total of 52 patients were available from the follow-up. The results demonstrated good to excellent construct validity. The results were as follows: Poor, 0 cases; good, 7 cases; (13.46%); very good, 22 cases (42.30%); and excellent, 23 cases (44.23%) ([Fig. 5](#f5-etm-0-0-8254){ref-type="fig"}).

Discussion
==========

Rejuvenating the skin by stimulating the body\'s own regeneration mechanisms without surgery has an increasing popularity. Skin needling techniques are used in dermatology for various diseases: Post acne scars, particularly in severe forms resistant to conventional classical treatment ([@b13-etm-0-0-8254],[@b14-etm-0-0-8254]), re-pigmentation of hypopigmentation scars after burns, melasma, non-acne scars such us atrophic scars following varicella infection or to combat aging skin.

The results of this study demonstrated a good anti-aging effect and are comparable in efficacy with those of another study ([@b15-etm-0-0-8254]) that have used different micro-needling techniques. The results were analyzed 15 days after the end of the final session. The mode of action of needle shaping follows the mechanism of wound healing. The collagen production begins to recreate after the first 7 days of skin injury ([@b15-etm-0-0-8254]).

Fractional radiofrequency micro-needling has been used for skin rejuvenation in a group of 15 women. These were treated on one side of the face with monotherapy and in the control lateral part was added in addition stem cell conditioned medium. Fine wrinkles were reduced and the overall appearance was improved on the side where stem cells were added. From a histological point of view, an increased production of neo-collagen, similar to our study was observed with minimal side-effects: Mild erythema and procedural pain ([@b16-etm-0-0-8254]).

An ideal treatment for stimulating the production of collagen and elastin in the dermis is percutaneous collagen induction therapy. It uses a dermaroller, a cylindrical device fitted with needles, which is rolled back and forth and produces thousands of stings in the papillary dermis ([@b17-etm-0-0-8254]). Histological examinations demonstrated a considerable increase in collagen and elastin deposition, the epidermis has shown a thickening of the spinosum layer. However, the method involves more bleeding, is painful and requires local anesthesia ([@b17-etm-0-0-8254]).

Further studies are required in the future to confirm the current findings. These techniques may open new non-surgical horizons in aesthetic medicine, anti-wrinkle treatments and anti-aging treatments with improvements in skin quality.

The assessment of satisfaction is difficult as it is a multifaceted expression of affective, cognitive, physical, sensory, behavioral, social, cultural and subjective feelings. One of the potential methods of measuring satisfaction is by using the well-known VAS. The VAS satisfaction is a simple and valid instrument for the quantification of the satisfaction of the patient following aesthetic procedures; however, it cannot be used as the only outcome measurement. The VAS satisfaction is a useful addition to subjective and objective outcome measurement in documenting the results of the needle shaping.

In this study, all enrolled patients reported full satisfaction with the results. In general, the improvement of the treated skin area was dependent on the initial skin laxity and the requirements of the patient for perfect results.

However, satisfaction was not used only to measure the amount of improvement over time, but also to benefit from having knowledge of the patient\'s opinion regarding the clinical results. For this reason, we wished to have a more detailed documentation as to the following issues: How effective the treatment was and consequently how much the dermis area becomes affected after the needle shaping treatment has been performed.

In conclusion, needle shaping can be characterized as an auto-transplantation of tissue produced by our own body mimicking threads. Natural results are obtained and importantly, the patient physiognomy is not altered. Macroscopically, the results are visible from the very first treatment. The dermatological evaluation determined that skin laxity and tone had been improved, resulting in younger, fresher appearance of the facial skin. According to the findings of this study, the needle shaping technique has been proven to be effective and safe, followed only by very mild complications. The skin becomes, brighter, tighter of a visibly younger appearance, while microscopic examination revealed a denser dermis populated with larger, thicker and more correctly organized collagen fibers. Needle shaping is indicated as an innovative aesthetic strategy for improving skin tone and volume with zero side-effects.
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![Clinical results of the needle shaping procedure before and after the treatment.](etm-19-01-0717-g00){#f1-etm-0-0-8254}

![Histological evaluation by light microscopy of biopsies taken before and after needle shaping treatment. (A and C) Skin samples before (panel A, ×25 magnification; panel C, ×100 magnification) and (B and D) after needle shaping treatment (panel B, ×25 magnification; panel D, ×100 magnification) were stained with trichrome staining (most significant micrographs are shown). Changes in matrix organization are indicated by arrows. The images depicting tissues after the treatment (B and D) demonstrated a more compact dermis, with a healthy matrix network. Specifically, collagen fibers are larger and thicker with a more ordered alignment of fibers of the treated skin as compared to the images obtained before treatment (A and C).](etm-19-01-0717-g01){#f2-etm-0-0-8254}

![Evaluation by scanning electron microscopy (SEM) (most significant micrographs are shown). Skin specimens coated with gold (A) before and (B) after needle shaping treatment were viewed using a scanning electron microscope.](etm-19-01-0717-g02){#f3-etm-0-0-8254}

![Evaluation by scanning electron microscopy (SEM). Skin specimens were coated with gold and viewed using a scanning electron microscope at different magnifications before (A and C) and after (B and D) needle shaping treatment were (most significant micrographs shown).](etm-19-01-0717-g03){#f4-etm-0-0-8254}

![Distribution of the visual analog scale (VAS) satisfactionscore in the patient population.](etm-19-01-0717-g04){#f5-etm-0-0-8254}
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